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INTRODUCTION
Consummatory b e h a v io r  may be d e f in e d  a s  
I n c lu d in g  th o se  r e s p o n s e s  a s s o c i a t e d  s p e c i f i c a l l y  
and d i r e c t l y  w i th  a c q u i r in g  and consuming a  r e i n f o r c e ­
m ent; th e  d e f i n i t i o n  e x c lu d e s  in s t r u m e n ta l  r e s p o n s e s .  
T em p o ra l ly ,  th e  consummatory re s p o n s e s  f o l lo w  imme­
d i a t e l y  a f t e r  th e  co m p le t io n  o f  th e  in s t r u m e n ta l  r e ­
sp o n se .  T h is  d e f i n i t i o n  i s  ambiguous o n ly  to  the ex­
t e n t  t h a t  th e  d e f i n i t i o n  o f  th e  i n s t r u m e n ta l  re sp o n se  
i s  am biguous. As d e f i n e d ,  chew ing , sw a l lo w in g ,  tongue 
l a p p i n g ,  and p e c k in g  o r  r e a c h in g  f o r  a  r e in fo rc e m e n t  
a r e  sam ples o f  a  l a r g e l y  u n s p e c i f i e d  p o p u la t io n  o f  con­
summatory r e s p o n s e s .  The v a l i d i t y  o f  th© d a t a  g e n e ra te d  
a s  a  r e s u l t  o f  s tu d y in g  consummatory b e h a v io r  i s  en­
t i r e l y  c o n t in g e n t  upon th e  p a r t i c u l a r  consummatory 
r e s p o n s e  ( s )  chosen  a s  th e  r e p r e s e n t a t i v e  sample o f  
t h i s  p o p u la t io n .  Consummatory b e h a v io r  a s  d e f in e d  i s  
to  be d i s t i n g u i s h e d  from rtth@ consummatory r e s p o n s e H 
(m easured  by amount o f  r e in fo rc e m e n t  consumed) w hich 
S h e f f i e l d  jet jgl. (195*0 used  a s  a  d ep e n d en t m easure .
As e a r l y  a s  19^1 Wolfe and Kaplon showed t h a t
-  1 -
-  2 -
” consummatlve a c t i v i t y ” cou ld  a f f e c t  th e  ra t©  o f  
l e a r n i n g  i n  young c h ic k e n s .  Three g ro u p s  o f  c h ic k s  
were r e i n f o r c e d  a s  fo l lo w s :  g roup  ( 1 ) one whole k e r n e l  
( l a r g e ) ,  g roup  ( 2 ) f o u r  q u a r t e r  k e r n e l s  ( l a r g e ) ,  and 
g ro u p  (3) one q u a r t e r  k e r n e l  ( s m a l l )  o f  p o p co rn . Groups 
( 1 ) and ( 3 ) pecked  on ly  one© f o r  th e  r e in f o r c e m e n t ,  
w h ile  g roup  (2 )  pecked  fo u r  t im e s .  Thus t h i s  d e s ig n  
n i c e l y  p e r m i t t e d  in d e p e n d e n t  c o n t r o l  o f  th e  v a r i a b l e s  
o f  amount o f  r e in f o r c e m e n t  and consummatory b e h a v io r .
I n  t h r e e  d i f f e r e n t  l e a r n i n g  s i t u a t i o n s  group  (2) showed 
m ost r a p id  l e a r n i n g .  I n  th e  s t r a i g h t  runway and in  th e  
T m aze , group (1 )  a c h ie v e d  th e  n e x t  b e s t  s c o r e s ;  w h ile  
i n  th e  d e to u r  s tu d y  th e  c h ic k s  i n  group ( 3 ) a c h ie v e d  
th e  n e x t  b e s t  s c o r e s .
H u l l  e t  (1951) i n  a s tu d y  o f  consummatory 
b e h a v io r  found tta  s t a b l e  p o s i t i o n  cho ice  i n  a  maze showed 
t h a t  sham fe e d in g  had much g r e a t e r  r e i n f o r c i n g  power th a n  
d i d  no f e e d i n g . ” T h is  s tudy  a l s o  showed by a  s t a b l e  
p o s i t i o n  ch o ice  t h a t  ( a )  r e a l  f e e d in g  had g r e a t e r  r e ­
i n f o r c i n g  power th a n  sham f e e d i n g ,  and (b )  e s o p h a g e a l  
f e e d in g  had g r e a t e r  r e i n f o r c i n g  power th a n  d id  no f e e d in g .  
I t  was a l s o  d e te rm in e d  t h a t  th e  sham f e e d i n g  re sp o n se  
co u ld  be e x t in g u is h e d  in  e i g h t  d a y s .
-  3 *
Kohn ( 1 9 5 1 ) found t h a t  r a t s  e m i t te d  b a r  p r e s s  
r e s p o n s e s  a t  a  h i g h e r  r a t e  In  an  I n s t r u m e n t a l  t e s t i n g  
s i t u a t i o n  when th e y  were p r e - f e d  th ro u g h  a stom ach 
f i s t u l a  th a n  when they  were p e r m i t te d  to  p r e - f e e d  
n o rm a l ly .  Berkun e t  a l .  (1952)* u s in g  th e  same g e n e r a l  
e x p e r i m e n ta l  s i t u a t i o n  b u t  w i th o u t  I n s t r u m e n t a l  .con­
d i t i o n i n g ,  found t h a t  f i s t u l a  p r e - f e d  r a t s  consumed 
more food i n  th e  t e s t  s i t u a t i o n  th a n  d id  r a t s  t h a t  were 
p e r m i t t e d  to  p r e - f e e d  norm ally* M i l l e r  and Kessen 
( 1952) found In  a  ch o ic e  s i t u a t i o n  t h a t  rew ard  e f f e c t s  
a r e  s t r o n g e r  f o r  food v i a  mouth th a n  f o r  food v i a  
s tom ach  f i s t u l a .  S h e f f i e l d  e t  &3L. (1951) and Kagan 
( 1955) found consummatory s e x u a l  r e s p o n s e s  rew ard in g  
to  r a t s .
More r e c e n t l y  K ling  (1956) has  r e p o r t e d  a  s tu d y  
In  w hich  th e  amount o f  r e in fo rc e m e n t  was c o n t r o l l e d  by 
two d i f f e r e n t  and in d e p e n d e n t  m ethods— tim e t h a t  th e  
m agazine m s  a v a i l a b l e  and o r i f i c e  s i z e .  As K ling  i n ­
d i c a t e d ,  i t  i s  d i f f i c u l t  to  i n t e r p r e t  th e  r e s u l t s  
s y s t e m a t i c a l l y ,  b u t  they  do i n d i c a t e  t h a t  ru n n in g  tim e 
In  a  s t r a i g h t  maze i e  c o r r e l a t e d  w ith  th e  r a t e  o f  i n ­
g e s t i o n  o f  a  f l u i d  r e in f o rc e m e n t .  K ling  r e c o rd e d  th e  
tim e t h a t  a  s u b j e c t  s p e n t  d r i n k i n g  and th e  t o t a l  f l u i d  
in g e s t e d  p e r  t r i a l .  By d i v i d i n g  time i n t o  t o t a l  f l u i d ,
he d e r i v e d  a r a t i o  which he c a l l e d  i n g e s t i o n  r a t e .
I n  v iew  o f  th e  S t e l l a r  and H i l l  (1952) d a t a ,  one would 
e x p e c t  t h a t  s u b j e c t s  a s s ig n e d  i d e n t i c a l  o r i f i c e  size®  
would have the  same i n g e s t i o n  r a t e .  K l in g 1e d a t a  do n o t  
show t h i s .  As a  m a t t e r  o f  f a c t ,  th e  d i f f e r e n c e s  be tw een  
g ro u p s  a s s ig n e d  th e  ©ame o r i f i c e  s i z e  a r e  s i g n i f i c a n t .  
S in ce  K ling  d id  n o t  p r e s e n t  a  f a c t o r i a l  a n a l y s i s  o f  
th e s e  d a t a ,  I t  c a n n o t  be d e te rm in ed  w h e th e r  th e s e  
d i f f e r e n c e s  a r i s e  from a s i g n i f i c a n t  i n t e r a c t i o n .
The p r e s e n t  ex p e r im e n t was d e s ig n e d  to  t e s t  a  
sam ple o f  consummatory r e s p o n s e s  r e g a r d l e s s  o f  t h e i r  
n a t u r e  ( p r e p o te n t  o r  l e a r n e d )  a s  a  p a ra m e te r  o f  r e I n f o r c e ­
m ent. Two w e l l  e s t a b l i s h e d  p a ra m e te rs  o f  r e in f o rc e m e n t  
a r a  th e  number o f  r e in f o r c e m e n ts  shown by William® (1933) 
to  a f f e c t  r e s i s t a n c e  to  e x t i n c t i o n ,  and th e  amount o f  
r e in f o r c e m e n t  found by C resp l  (19^2) and Seaman (19^9) 
to  a f f e c t  th e  f i n a l  l e v e l  o f  perfo rm ance  a s  w e l l  a s  
r e s i s t a n c e  to  e x t i n c t i o n .  A 2 % Z f a c t o r i a l  d e s ig n  
p e r m i t s  consummatory b e h a v io r  and one o f  th e s e  p a r a -  
m e te r s  to  be v a r i e d  s y s t e m a t i c a l l y  and In d e p e n d e n t ly  
w h i le  th e  o t h e r  p a r a m e te r  I s  h e ld  c o n s ta n t .  The con­
summate ry  v a r i a b l e  employed in  t h i s  e x p e r im e n t  I s  th e  
to n g u e  la p p in g  r e s p o n s e  a s  m easured  by th e  number o f
-  5 -
l a p s .  The o t h e r  v a r i a b l e  o f  c l a s s i f i c a t i o n ,  amount o f  
re in fo rcem en t, i s  d e f in e d  i n  m illig ra m s o f  w a te r  
rew ard  p e r  b a r  p r e s s  re s p o n s e .  The number o f  r e in - '  
f o rc e m e a ts  was h e ld  c o n s ta n t ,
apparatus ahb METHOD
The s u b j e c t s  in  t h i s  e x p e r im en t were 32 m atu re  
male a l b in o  r a t s ;  a  23 hour w a te r  d e p r i v a t i o n  sc h ed u le  
p ro d u ced  t h i r s t  d r i v e .  Four g roups o f  e i g h t  s u b je c t s  
ea ch  were g iv e n  an e q u a l  amount o f  m agazine t r a i n i n g  
and th e n  were r e i n f o r c e d  f o r  100 b a r  p r e s s  r e s p o n s e s .
The b a r  was n o t  p r e s e n t  d u r in g  t r a i n i n g .  The s u b j e c t s  
were t r a i n e d  and t e s t e d  i n  squads o f  fo u r , one from 
each  o f  th e  e x p e r im e n ta l  g ro u p s . S ince  f o u r  S k inner  
boxes were used  in  t h i s  e x p e r im e n t ,  th e  e x p e r im e n ta l  
g ro u p s  were r o t a t e d  from box to  box so t h a t  two 
s u b j e c t s  from each  e x p e r im e n ta l  g roup  were t r a i n e d ,  
r e i n f o r c e d  f o r  th e  b a r  p r e s s  r e s p o n s e ,  and e x t in g u is h e d  
in  e a c h  box. T h is  c o u n te r b a la n c in g  p ro c e d u re  was 
c a r r i e d  o u t  to  e q u a te  p o s s i b l e  d i f f e r e n c e s  In  l e v e r  
c h a r a c t e r i s t i c s .
An a d a p t a t i o n  o f  th e  S t e l l a r  and H i l l  (1952)  
Md r in k o m e te r H p e r m i t t e d  more p r e c i s e  e x p e r im e n ta l  c o n t r o l
6o v e r  th e  tongue la p p in g  r e sp o n se  th a n  h a s  h e r e t o f o r e  
been p o s s i b l e .  P r e s s i n g  th e  l e v e r  caused th e  d r in k in g  
a p p a r a tu s  to  move i n to  p o s i t i o n  d i r e c t l y  in  f r o n t  o f  
a  s m a l l  h o le  i n  th e  S k in n e r  box. The m o d if ie d  M r l n k -  
o ia e te r H counted  th e  number o f  t im e s  a  r a t  la p p e d .  Then 
when th e  s u b j e c t  had lap p ed  a  p r e s e l e c t e d  number o f  
t im e s ,  th e  Bd r in k o a a e te r tt s e n t  a  s i g n a l  w hich  r e p o s i t i o n e d  
th e  d r i n k i n g  a p p a r a tu s  w e l l  o u t  o f  r e a c h  o f  th e  rat*®  
to n g u e .
I n  8t e l i a r 1s s tudy  th e  amount o f  f l u i d  h i s  
r a t s  r e c e iv e d  p e r  l a p  was d e p e n d e n t  upon th e  s iz e  o f  
th e  o r i f i c e  o f  th e  g l a s s  d r in k in g  tub®, and th e  d is tm n e e  
from  th e  t i p  o f  th e  tube  to  a sm a ll  o p en in g  I n  th e  f r o n t  
o f  th e  cage th ro u g h  which th e  r a t  lap p ed .
01aea  d r in k in g  tu b e s  cou ld  n o t  be used  to  
a d m i n i s t e r  r e in f o r c e m e n t  in  th e  p r e s e n t  e x p e r im e n t  
b e c a u se  th e  range In  th e  m i l l ig r a m s  o f  w a te r  p e r  la p  
r e q u i r e d  by th e  f a c t o r i a l  d e s ig n  demanded th e  use o f  
a  tu b e  w i th  a v e ry  sm a ll  o r i f i c e .  When a  r a t  Imps 
from a very  s m a l l  g l a s s  d r in k in g  tu b e ,  an a i r  bubb le  
f r e q u e n t l y  form s a t  th e  t i p  o f  th e  tub®. I t  a p p e a r s  
t h a t  th e  r a t  o b t a i n s  no w a te r  when th e  b u b b le  i s  
p r e s e n t .  I f  t h i s  i s  so , th e n  i t  i s  p ro b a b le  t h a t  th e
-  7 -
s u b j e c t  I s  on a  v a r i a b l e  amount sch ed u le  o f  r e i n f o r c e ­
ment f o r  th e  b a r  p r e s s  re sp o n se  and a  random r a t i o  
s c h e d u le  f o r  th e  tongue la p p in g  re s p o n s e .
The c o n t r o l l e d  a d m i n i s t r a t i o n  o f  v e ry  sm a ll 
am ounts o f  f l u i d  r e in f o r c e m e n t  i s  made p o s s i b l e  i n  th e  
p r e s e n t  e x p e r im en t by a  new te c h n iq u e .  I t  i s  acco m p lish ed  
by d i r e c t i n g  a  c o n t in u o u s ,  c o n t r o l l e d  f lo w  o f  f l u i d  
from a  s m a ll  o r i f i c e  (hypoderm ic n e e d le s ,  in  t h i s  c a se )  
on to  a  g rooved  b a r  t h a t  i s  w i th in  r e a c h  o f  th e  r a t ' s  
t o n g u e , as  sho rn  in  F ig u re  1.
The b a r s  used  in  t h i s  e x p e r im en t a r e  s loped  
downward a t  a b o u t  a  d eg ree  a n g l e ,  and b e n t  back on 
th e m se lv e s  a t  a  90 d eg re e  a n g le .  The t r i c k l e  o f  w ater  
i s  c o n t in u o u s  around  t h i s  bend and down th e  l e n g th  o f  
th e  b a r .  The 90 d e g re e  bend i n  th e  b a r  l c  c lo se  to  
th e  s m a l l  h o le  i n  th e  S k in n e r  box and i s  th e  p o i n t  a t  
w hich  th e  r a t 1s tongue makes c o n t a c t  w i th  th e  w ater.
The r a t e  o f  f low  on 'r:;he bar  i s  changed by v a ry in g  
o r i f i c e  s i t e .  The mean amount o f  w a te r  t h a t  a  r a t  
r e c e i v e s  p e r  l a p  i s  p r o p o r t i o n a l  to  th e  r a t e  o f  f lo w  
o f  w a te r  on th e  b a r .  F ig u re  2 shows a  s e c t i o n a l  v iew  
o f  th e  b a r .  T h is  te c h n iq u e  makes p o s s i b l e  th e  c o n t r o l  
n e c e s s a r y  f o r  t h i s  ex p e r im e n t and p ro b a b ly  p e r m i t s
FIGURE 1
CONTINUOUS FLOW METHOD FOR 
ADMINISTERING FLUID REINFORCEMENT
The to n g u e  l a p p in g  b a r  i s  shown i n  p o s i t i o n  
f o r  a d m in i s t e r in g  r e in f o r c e m e n t .
FIGURE 2
SECTIONAL VIEW OF ¥  GROOVE 
AND LAPPING BAR
LARGE AMOUNT PER LAP 
MEDIUM AMOUNT PER LAP 
SMALL AMOUNT PER LAP
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a  more p rec is®  c o n t r o l  o f  f l u i d  re Info roam® n t than  
any method h e r e t o f o r e  d e s c r ib e d  i n  th e  l i t e r a t u r e .
The c a l i b r a t i o n  p ro c e d u re s  a s s o c i a t e d  w i th  th e  con­
t in u o u s  f low  method o f  a d m in i s t e r in g  f l u i d  r e i n f o r c e ­
m ent a r e  more f u l l y  d e s c r ib e d  in  Appendix I I .
F o r  th e  p u rp o se  o f  e x p la n a tio n , round number® 
w i l l  be used i n  th e  d e s c r i p t i o n  of  th e  f a c t o r i a l  d e ­
s ig n  (T a b le  1 ) .  A c t u a l l y ,  t h e r e  i s  some d e v i a t i o n  
from th e  i d e a l ,  a s  i s  shown in  Table 2. In  lo o k in g  
a c r o s s  row on® o f  th e  Table i t  may be seen  t h a t  two 
g ro u p s  o f  r a t s  r e c e iv e  20 mg. o f  w a te r  f o r  e a ch  b a r  
p r e s s  r e s p o n s e ,  b u t  t h a t  one g roup  l a p s  tw ice  ae  many 
t im e s  a s  th e  o t h e r .  T h is  i s  a l s o  t r u e  o f  th e  two 
g ro u p s  t h a t  r e c e iv e d  40 mg. o f  w a te r  p e r  r e in f o r c e m e n t .  
Moving down th e  f i r s t  oolumn, th© two g ro u p s  concerned  
a r e  each  p e r m i t te d  f iv e  l a p s ,  b u t  one g roup  r e c e iv e s  
tw ic e  th e  amount o f  w a te r  p e r  b a r  p r e s s  re s p o n s e  a s  
th e  o t h e r .  The same h o ld s  true f o r  th e  g ro u p s  t h a t  
a r e  p erm itted  t e n  l a p s .
U nder u s u a l  c o n d i t io n s  th e  t o t a l  amount o f  
w a te r  ta k e n  v a r i e s  w i th  th e  number o f  l a p s .  However, 
by v a r y in g  th e  amount p e r  l a p  f o r  th e  v a r i o u s  g ro u p s ,
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IDEALIZED FACTORIAL DESIGN 
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I t  I s  p o s s i b l e  to  a c h ie v e  th e  c o n d i t io n s  shown i n  
T a b le s  1 and Z• The c i r c l e d  numbers i n s i d e  ea ch  
o f  th e  c e l l s  show- t h i s  am t./ l& p  v a lu e .  F o r  exam ple , 
th e  group o f  r a t s  a s s ig n e d  to  c e l l  A were p e r m i t te d  
f iv e  l a p s  o f  4 mg, o f  water p e r  l a p ,  g iv in g  a t o t a l  
w a te r  in ta k e  o f  20 mg. j th e  s u b j e c t s  a s s ig n e d  to  
c e l l  B were p erm it ted  ten l a p s  o f  2 mg. o f  w a te r  p e r  
l a p ,  a l s o  g iv in g  a  t o t a l  i n t a k e  o f  20 mg. o f  w a te r ,  
e t c .  The te c h n iq u e  o f  d o u b l in g  th e  sm a l l  v a lu e s  o f  
two v a r i a b l e s  o f  c l a s s i f i c a t i o n  was c a r r i e d  o u t  to  
a c h ie v e  maximum s e p a r a t i o n  betw een  t e s t  v a lu e s  a lo n g  
th e  p a r t i c u l a r  p a r a m e te r  without e x c eed in g  th e  some­
w hat l i m i t e d  ran g e  o f  th e  amount p e r  la p  v a r i a b l e .
The maximum mean amount o f  w a te r  a  l a r g e  r a t  can 
consume w i th  one tongue la p  i s  shown to  be ? .2  mg. 
by th e  c a l i b r a t i o n  s t u d i e s  d e s c r ib e d  in  Appendix I I .
A lth o u g h  t h i s  d e s ig n  p e r m i t s  th e  two v a r i a b l e s  
o f  c l a s s i f i c a t i o n  (m i l l ig ra m  rew ard  and number o f  l a p s )  
to  be v a r i e d  s y s t e m a t i c a l l y  and in d e p e n d e n t ly , i t  does  
so a t  th e  expense o f  Im posing  a  t h i r d  v a r i a b l e —amount 
p e r  l a p .  I n  o t h e r  w ords , two u s u a l ly  d e p e n d e n t  o r  co~ 
Varying v a r i a b l e s  h a v e ,  f o r  th e  p u rp o se  o f  t h i s  ex­
p e r im e n t ,  been  s e t  in d e p e n d e n t  o f  each  o t h e r ,  b u t  o n ly
-  14
a t  th e  expense  o f  im posing  a  t h i r d  v a r i a b l e  w hich i s  
n o t  in d e p e n d e n t  o f  e i t h e r  o f  th e  o t h e r  two; t h a t  i s ,  
th e  row and th e  column v a r i a b l e s  o f  t h i s  e x p e r im e n t  
a r e  in d e p e n d e n t  o f  e a c h  o t h e r ,  b u t  th e  t h i r d  v a r i a b l e  
i s  some f u n c t io n  o f  b o th  o f  them.
The d e p e n d en t  m easure d u r in g  a c q u i s i t i o n  i s  
d e f in e d  a s  th e  t im e  t h a t  a  s u b j e c t  to o k  to  p r e s s  th e  
b a r  100 t im e s .  F o r  th e  p u rp o se  o f  s im p l i f y in g  computa­
t i o n ,  a c q u i s i t i o n  s c o r e s  a r e  d e r iv e d  by o o u n t in g  tim e 
in  e i g h t h s  o f  m in u te s .  Thus a  lo w er  score- I n d i c a t e s  a  
h i g h e r  r a t e  o f  p e r fo rm a n c e .  The d e p e n d e n t m easure used  
d u r in g  e x t i n c t i o n  I s  th e  number o f  b a r  p r e s s  re s p o n s e s  
e m i t t e d  by th e  s u b j e c t  to  a  c r i t e r i o n  o f  t e n  m in u te s  
o f  no re sp o n d in g .
-  15
RESULTS
Appendix X« T a b le s  I  and IX, l i s t  raw s c o re s  
f o r  b o th  a c q u i s i t i o n  and e x t i n c t i o n  p e rfo rm a n ce  a s  
w e l l  a s  th e  c o u n te r b a la n c in g  p ro c e d u re  u sed  In  t h i s  
e x p e r im e n t .  The group  mean® f o r  th e  a c q u i s i t i o n  
d a t a  a r e  shown I n  T ab le  3 .
TABLE 3
MEAN ACQUISITION TIME IN EIGHTHS 
OF MINUTES FOE 100 REINFORCED 
RESPONSES
C o n d i t io n  Mean a c q u i s i t i o n  tim e
amount no. o f  l a p s  
22 .8  mg. 6 k l . k
2 0 .0  mg. 11 6k .  $
k z . k  mg. 6 8 6 .0
k o . 5  mg. 11 5 k . 8
Group
( c e l l )
A
xt49
0
0
Mean a c q u i s i t i o n  s c o re  l a  p l o t t e d  a g a i n s t  
amount o f  rew ard  w i th  th e  consummatory r e s p o n s e  a s  
th e  p a r a m e te r  In  F ig u re  3.
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FIGURE 3
MEAN ACQUISITION SCORES PLOTTED AGAINST 
AMOUNT OP REINFORCEMENT ACROSS TWO LEVELS 
OF THE 00N8UMMAT0R* VARIABLE
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T able  k  shows th e  r e s u l t s  o f  a n a l y s i s  o f  th e  a c ­
q u i s i t i o n  d a t a .  B a r t l e t t ’ s t e s t  f o r  hom ogeneity  
o f  v a r i a n c e  was n o t  s i g n i f i c a n t  a t  th e  .0 5  l e v e l  
y i e l d i n g  an X 2 o f  7.5** c o r r e c t e d  to  7 .1 6 .
TABU! k
a n a ly sis  of variance t a b u
FOE ACQUISITION SCORES
Source SB d f MS F
E ( a m t . ) 22A5 1 2245 3 .0 4
C ( c o n . } 24? 1 24? 1
I 6122 I 6122 8 .3 0
¥
T
20640
2925**
28 737
F( l~ 2 8 )  .0 1  *  7 .6 4  F( 1 -2 8 ) .0 5  85 *K 2°
At th e  l e v e l  o f  s e n s i t i v i t y  o f  t h i s  e x p e r i ­
ment n e i t h e r  th e  row n o r  column means a r e  s i g n i f i c a n t l y  
d i f f e r e n t ,  a l th o u g h  th e  row d i f f e r e n c e s  do a p p ro ach  
th e  .0 5  c o n f id e n c e  l e v e l .  The I n t e r a c t i o n  o f  th e  two 
v a r i a b l e s  o f  c l a s s i f i c a t i o n  i s  s i g n i f i c a n t  a t  th e  .0 1
-  18 -
l e v e l  o f  c o n f id e n c e .  T h is  i n t e r a c t i o n  e f f e c t  i s  
c l e a r l y  shown In  F ig u re  3 . The group  means f o r  
th e  e x t i n c t i o n  d a t a  a r e  shown i n  Table 5.
TABLE 5
MEAN NUMBER OF EXTINCTION RESPONSES TO 
A CRITERION OF 10 MINUTES OF NO RESPONDING
Group
( c e l l )
C o n d i t io n  
amount no. o f  l a p s
Mean number o f  
e x t i n c t i o n  r e s p o n s e s
A 22. 8 mg. 6 32 .9
B 2 0 .0  mg. 11 27 .8
0 4 2 .4  mg. 6 4 1 .5
D 4 0 .5  mg. 11 5 0 .1
The mean number o f  e x t i n c t i o n  r e s p o n s e s  i s
p l o t t e d  a g a i n s t  amount o f  rew ard  w ith  th e  consummatory 
re s p o n s e  a s  th e  p a ra m e te r  i n  F ig u re  4 . B a r t l e t t * s  
t e s t  f o r  hom ogeneity  o f  v a r ia n c e  p roved  f o r  th e  raw 
e x t i n c t i o n  d a t a  to  be s i g n i f i c a n t  beyond th e  .0 1  l e v e l
o f  c o n f id e n c e  ( c o r r e c t e d  m 13. 7 8 ). A lo g  t r a n s -
2fo rm a t io n  was c a r r i e d  o u t  and th e  c o r r e c t e d  X on th e  
t r a n s fo rm e d  d a t a  w 7 .9 6 .  T h is  v a lu e  i s  s i g n i f i c a n t  
a t  th e  .0 5  l e v e l  (X 05 581 7 -8 1 5 ) .  A lth o u g h  one o f
th e  a s su m p tio n s  o f  th e  a n a l y s i s  o f  v a r i a n c e  was n o t  m e t ,
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MEAN NUMBER OF EXTINCTION RESPONSES PLOTTED 
AGAINST AMOUNT OF REINFORCEMENT ACROSS TWO 
LEVELS OF THE CONSOMMATORX PARAMETER
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th e  a n a l y s i s  was ru n  and th e  r e s u l t s  a r e  shown i n  
Table 6.
TABLE 6
ANALYSIS OF VARIANCE TABLE ON
transformed ( lgo) ex t in c tio n  data
Source SS d f MS *1-28 F* l~ 2 f
R ( a m t . ) .0680 1 .0680 1 .333 1. 330
0 ( c o n . )  .0 1 4 ? 1 .0147 .2 8 8 .2 8 7
I  .0559 1 .0559 1 .096
W 1.4273 28 .0510
T 1 .5659
F( l ~ 2 8 ) .05  m **.20 F(1 -2 9 )  .0 5
=  **.18
When th e  w i th in  and i n t e r a c t i o n  SS a r e  added 
and th e n  d iv id e d  by th e  sum o f  t h e i r  a s s o c i a t e d  d f , 
th e  new e r r o r  term  becomes ,0 5 1 1 ,  w hich i s  l a r g e r  th a n  
th e  w i t h i n  MS. O bv iously  n e i t h e r  o f  th e  v a r i a b l e s  o f  
c l a s s i f i c a t i o n  n o r  t h e i r  i n t e r a c t i o n  c o n t r i b u t e s  
s y s t e m a t i c a l l y  to  s u b j e c t  p e rfo rm a n ce  u n d e r  c o n d i t io n s  
o f  e x t i n c t i o n .  T h is  i s  © s p e c ia l ly  t r u e  s in c e  th e s e  
d a t a  a r e  known to  be h e te ro g e n e o u s  w i th  r e s p e c t  to  
v a r i a n c e .
-  21 -
A h e te ro g e n e o u s  v a r ia n c e  te n d s  to  p roduce  
a  s p u r io u s ly  s i g n i f i c a n t  d i f f e r e n c e  so t h a t  th e  F 
r a t i o s  l i s t e d  In  T ab le  6 a re  i n  a l l  p r o b a b i l i t y  even 
s m a l l e r  th a n  shown. For t h i s  re a so n  no f u r t h e r  
a n a l y s i s  o f  th e  e x t i n c t i o n  d a t a  w i l l  be c a r r i e d  o u t  
and th e  c o n c lu s io n s  rem ain  a s  s t a t e d  above .
In  a s s e s s i n g  th e  m eaning o f  th e  s i g n i f i c a n t  
I n t e r a c t i o n  o f  th e  two v a r i a b l e s  o f  c l a s s i f i c a t i o n !  
one i s  f o rc e d  to  re -ex am in e  th e  b a s i c  f a c t o r i a l  d e s ig n .  
An o b v io u s  q u e s t i o n  p r e s e n t s  i t s e l f .  I s  th e  v a r i a b l e  
(am ount p e r  l a p )  Imposed by th e  d e s ig n  r e s p o n s i b l e  
f o r  t h i s  e f f e c t ?  I t  shou ld  be re c o g n iz e d  t h a t  the  
com ponents o r  i n g r e d i e n t s  o f  t h i s  v a r i a b l e  a r e  n o t  
d i f f e r e n t  from th e  v a r i a b l e s  o f  c l a s s i f i c a t i o n .  I t  
i s  th e  un ique  r e l a t i o n  o f  th e  two v a r i a b l e s  o f  c l a s s i ­
f i c a t i o n  one to  th e  o t h e r  w hich  s p e c i f i e s  t h i s  t h i r d  
p a r a m e te r .  I t  I s  a  p a ra m e te r  t h a t  i s  d e f in e d  a s  th e  
r a t i o  o f  amount o f  r e in f o rc e m e n t  to  consummately 
a c t i v i t y .  On re d u c in g  t h i s  f r a c t i o n  o r  r a t i o  th e  d e ­
f i n i t i o n  becomes amount o f  r e in f o r c e m e n t  p e r  u n i t  con­
summate ry  b e h a v io r .  The o p e r a t i o n a l  d e f i n i t i o n  o f  th e  
v a r i a b l e  i n  t h i s  e x p e r im e n t  i s ,  o f  c o u r s e ,  m i l l ig r a m s
o f  w a te r  p e r  tongue l a p .  The re  a r e  t h r e e  v a lu e s  o f  
t h i s  p a ra m e te r  t h a t  were f ix e d  by th e  f a c t o r i a l  de­
s ig n .  S in ce  n e i t h e r  v a r i a b l e  o f  c l a s s i f i c a t i o n  cou ld  
be shown to  a f f e c t  re sp o n se  r a t e  s i g n i f i c a n t l y > i t  
i s  p e r m i s s i b l e  t o  o r g a n i s e  th e  c e l l  d a t a  so  t h a t  th e  
e f f e c t  o f  t h i s  p a r a m e te r  may be d e te rm in ed  s t a t i s t i c a l l y .  
The c e l l s  were reg ro u p e d  a s  shown in  T able  ? .
TABLE ?
HSOHOUPED ACQUISITION SCORES
F a c t o r i a l
c e l l
R e o rd e re d
d e s i g n a t i o n
Mg. H 0 / l a p2 Mean n
I i  ( s m a l l ) 2 .0 0 6 4 .9 8
A, 3> M (medium) 3 .6 8 4 7 .6 16
0 L ( l a r g e ) 7 - 2 * 8 6 .0 8
A sim ple  s i n g l e  v a r i a b l e  o f  c l a s s i f i c a t i o n  
a n a l y s i s  o f  v a r i a n c e  was c a r r i e d  o u t  and th e  r e s u l t s  
a r e  shown in  Table  8.
-  23
TABLE 8
ANALYSIS OF VARIANCE, 
REGROUPED ACQUISITION SCORES
Source SS d f MS F
B 8001 2 & )0 l 5 .^ 5
W 21253 29 7 3 2 .8
T 292^5
T m 5 .^ 2
( 2 ,2 9 )  .0 1  3
th e  be tw een  g ro u p s  v a r i a n c e  o f  th e  3$ M, L 
g ro u p s  i s  s i g n i f i c a n t  beyond th e  .0 1  l e v e l  o f  con­
f i d e n c e .  These m eans a r e  p l o t t e d  g r a p h i c a l l y  i n  
F ig u re  5. I n  a d d i t i o n  t  t e s t s  were c a r r i e d  o u t  to  
f u r t h e r  a s s e s s  t h i s  v a r i a b l e .  T ab le  9 shows th e  
r e s u l t s  o f  th e  t e s t e .
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FIGURE 5
MEAN ACQUISITION TIME PLOTTED AGAINST 
MILLIGRAMS WATER REINFORCEMENT 
PER TONGUE LAP
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table 9
t  TEST RESULTS 
t  betw een  g ro u p s
s , M ass 1 .7 1 ( d f  *  2 2 )
s . L « 1 .2 3 ( d f  3SS Xh)
* vie*
1j  *** 3 - 5 3 ( d f  a: 22)
t (22) .01 = 2 . 9 2
t (22) A 90' ******.  05 2 . 0 ?
t (22) • H O I
! 1.72
t
m )
IIo
• 2 .1 5
T ab le  9 shows t h a t  th e  d i f f e r e n c e  between th e  
mean a c q u i s i t i o n  t im e s  f o r  th e  medium and l a r g e  amount 
g ro u p s  was s i g n i f i c a n t  beyond th e  .0 1  l e v e l  and t h a t  
th e  d i f f e r e n c e  betw een  the  medium and s m a l l  amount 
g ro u p s  a p p ro a c h e s  s i g n i f i c a n c e .  Of i n t e r e s t  h e re  i s  
th e  f a c t  t h a t  th e  p erfo rm ance  o f  th e  s u b j e c t s  in  g roup  
3 i s  n o t  shown to  be s i g n i f i c a n t l y  d i f f e r e n t  from th e  
p e r fo rm a n c e  o f  s u b j e c t s  i n  e i t h e r  group M o r  group L.
The p r o b a b i l i t y  t h a t  th e  d i f f e r e n c e  be tw een  th e  means 
o f  3 and L g ro u p s  i s  due to  chance a lo n e  i s  .2 6  (by 
l i n e a r  I n t e r p o l a t i o n ) .  ¥h& p r o b a b i l i t y  t h a t  th e  d i f f e r e n c e
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b etw een  th e  mean© o f  th e  3 and M g ro u p s  I s  due to  
chance a lo n e  i s  .1 0 .
DISCUSSION AND CONCLUSIONS
T h is  e x p e r im e n t  d id  n o t  i n d i c a t e  t h a t  e i t h e r  
v a r i a b l e  o f  c l a s s i f i c a t i o n  h as  s i g n i f i c a n t  e f f e c t s  
on perform ance. The f a c t  t h a t  th e  Creepi-Ze&man 
r e s u l t s  were n o t  d u p l i c a t e d  o n ly  r e f l e c t s  on th e  l e v e l  
o f  s e n s i t i v i t y  o f  th e  s tu d y .  T hat I s  to  s a y ,  sine© 
th e  amount v a r i a b l e  was a p p ro a c h in g  s ig n if ic a n c e  i n  
t h i s  s tu d y ,  i t  l a  p ro b a b le  t h a t  a  l a r g e r  N would have 
r e s u l t e d  in  s i g n i f i c a n t  row (am ount) e f f e c t s .  The 
g roup  N i s  one h a l f  th e  sis©  o f  Seaman*s. I t  shou ld  be 
em phasized  t h a t  th e  e f f e c t  o f  th e  amount o f  r e i n f o r c e ­
ment was o n ly  a p p ro a c h in g  s i g n i f i c a n c e  w h ile  i t s  
I n t e r a c t i o n  w ith  consumraatory e f f e c t s  was h ig h ly  
s i g n i f i c a n t .  I n  a d d i t i o n  to  t h i s ,  Zeaman had n e i t h e r  
e x p e r im e n ta l  n o r  s t a t i s t i c a l  c o n t r o l  o v e r  th e  con­
summate ry  b e h a v io r  o f  h i s  s u b j e c t s .  H is s u b j e c t s  were 
p e r m i t t e d  to  s e l e c t  t h e i r  own l e v e l  o f  consummatory 
a c t i v i t y .  I t  i s  o n ly  f a i r  to  s t a t e  h e re  t h a t  th e  
a u t h o r  was in d e ed  f o r t u n a t e  t h a t  th e  amount e f f e c t s  
were n o t  s i g n i f i c a n t .  Had th e y  b e e n ,  th e  c e l l  d ata
co u ld  n o t  have b een  r e o r g a n iz e d  and a n a ly z e d  by th e  
s im p le  a n a l y s i s  o f  v a r ia n c e  te c h n iq u e .
The d i s c r e p a n c i e s  be tw een  th e  d a t a  o f  t h i s  
s tu d y  and th e  Wolfe and Kaplon (19^1} s tu d y  may n o t  
be e x p la in e d  so e a s i l y .  T h is  s tu d y  showed no I n d i c a ­
t i o n  t h a t  eonaummative a c t i v i t y  p e r  se co u ld  a f f e c t  
l e a r n i n g .  Wolfe and Kaplon d id  c o n t r o l  f o r  b o th  
consummative and amount e f f e c t s  and were a b le  to  show 
t h a t  coneummatlv© a c t i v i t y  d o es  a f f e c t  l e a r n i n g  i n  
t h r e e  d i f f e r e n t  l e a r n i n g  s i t u a t i o n s .  M o reo v er , Wolf® 
and Kaplon q u a d ru p le d  th e  v a lu e  o f  th e  consummatory 
v a r i a b l e  between t e s t  p o i n t s .  In  t h i s  s tu d y  i t  was 
I n c r e a s e d  by a  f a c t o r  o f  two. However, th e  Wolfe and 
Kaplon d e s ig n  was n o t  f a c t o r i a l  and i t  w as , t h e r e f o r e ,  
im p o s s ib le  f o r  them to  d e te rm in e  any I n t e r a c t i o n  
e f f e c t .  I f  t h e i r  d e s ig n  I s  examined c a r e f u l l y ,  i t  
can  be d e te rm in e d  t h a t  th e y  have a n  “amount p e r  u n i t  
consummatory a c t i v i t y * 1 r a t i o  confound ing  th e  e x p e r i ­
m e n ta l  d e s ig n  and  a f f e c t i n g  t h e i r  r e s u l t s  J u s t  a s  t h i s  
s tu d y  d o es .  While t h i s  e x p e r im e n t  h as  t h r e e  p o i n t s  
f i x e d  a lo n g  t h i s  p a r a m e te r ,  th e  Wolfe and Kaplon s tu d y  
h a s  two. T h e i r  r e s u l t s  can  be e x p la in e d  by in v o k in g  
b o th  th e  Crespi-Zeam an e f f e c t  and th e  e f f e c t  shown 
i n  F ig u r e  5 . I t  i s ,  t h e r e f o r e ,  h y p o th e s iz e d  t h a t  th e
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two p o i n t s  o f  t h i s  p a ra m e te r  s e l e c t e d  by Wolfe and 
K aplon w i l l  l i e  one on each  s id e  o f  th e  b re a k  o f  th e  
cu rv e  shown In  F ig u re  5.
As p r e v i o u s l y  s t a t e d ,  th e  p a ra m e te r  t e s t e d  
by th e  s in g l e  v a r i a b l e  o f  c l a s s i f i c a t i o n  a n a l y s i s  o f  
v a r i a n c e  i s  th e  r a t i o  o f  th e  two v a r i a b l e s  o f  c l a s s i ­
f i c a t i o n  in  th e  o r i g i n a l  d e s ig n .  The t  t e s t s  h e lp  i n  
d e f i n i n g  th e  shape  o f  th e  f u n c t io n  d e s c r i b i n g  th e  
e f f e c t ,  i .  e . , th e  shape o f  th e  f u n c t io n  c a n n o t  be 
a t t r i b u t e d  to  chance a lo n e .  T ha t t h i s  r a t i o  may b© 
t r e a t e d  a s  a  u n iq u e  e f f e c t  h a s  p rece d en c e  In  th e  
p h y s i c a l  s c i e n c e s .  P re s s u r e  i s  an  a n a lo g o u s  and u s e f u l  
c o n s t r u c t .  I t  i s  a lw ays d e f in e d  a s  th e  r a t i o  o f  f o rc e  
and u n i t  a r e a .  E f f i c i e n c y  o f  r e in f o r c e m e n t  i s ,  t h e r e ­
f o r e  , d e f in e d  a s  th e  r a t i o  o f  amount o f  r e in f e r c e m e n t  
and u n i t  consummatory b e h a v io r .  I t  can f u r t h e r  be 
s t a t e d  t h a t  w i th in  th e  e x p e r im e n ta l  s i t u a t i o n  d e f in e d  
by t h i s  s tu d y  e f f i c i e n c y  o f  r e in f o r c e m e n t  i s  o f  g r e a t e r  
s i g n i f i c a n c e  a s  a  p a ra m e te r  o f  r e in f o r c e m e n t  th a n  e i t h e r  
consummatlve a c t i v i t y  o r  amount o f  r e in fo rc e m e n t .
T able  10 shows th e  r e s u l t s  o f  th e  s t u d i e s  
c a r r i e d  on a t  Y ale w i th  th e  e x p e r im e n ta l  c o n d i t io n s  o f  
th o s e  e x p e r im e n ts  a s s ig n e d  some r e l a t i v e  v a lu e  o f  
e f f i c i e n c y .  I f  x  *  some amount o f  consummatory a c t i v i t y
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and y as some amount o f  r e in f o r c e m e n t ,  th e n  x  would be an
2
i n f i n i t e l y  em ail  v a lu e  o f  e f f i c i e n c y ;  o would be an  i n -
2
f i n i t e l y  l a r g e  v a lu e  o f  e f f i c i e n c y ;  and x would be some 
i n t e r m e d ia t e  v a lu e  o f  e f f i c i e n c y  ly in g  be tw een  th e  ex­
t r e m e s .
TABLE 10
SUMMATION OF RESULTS OF THE STUDIES 
CONDUCTED AT YALE 
E f f i c i e n c y  v a lu e  
i n t e r m e d i a t e
a u th o r
sm a ll
ow>Jk*
l a r g eI
H u l l
e t  &1. ( a )  sha®
f e e d in g
(b )  sham 
f e e d in g
( c )
Kohn
Burkun
M i l l e r  and 
K essen
mouth
f e e d in g
mouth
fe e d in g
mouth
f e e d in g
mouth
fe e d in g
© sophogeal
f e e d in g
f i s t u l a
f e e d in g
f i s t u l a
f e e d in g
f i s t u l a
f e e d in g
xero
o
o*
no
fe e d in g
no
f e e d in g
y as some amount o f  r e in f o r c e m e n t  
x  as some amount o f  consummatory b e h a v io r  
& g r e a t e r  r e i n f o r c i n g  power 
x  l e s s  r e i n f o r c i n g  power
These d a t a  a r e  t a b u l a t e d  to  show how they  
s u p p o r t  th© c o n t e n t i o n  t h a t  some in t e r m e d ia t e  Value 
o f  e f f i c i e n c y  o f  r e in f o r c e m e n t  i s  more rew a rd in g  th a n  
e i t h e r  an e x t re m e ly  h ig h  v a lu e  o r  an  e x t re m e ly  low 
v a lu e .  T h is  c o n d i t i o n  i s  c l e a r l y  shown I n  F ig u re  5» 
b u t  o n ly  p a r t i a l l y  su p p o r ted  by th© r e s u l t s  o f  th e  t  
t e s t s  re c o rd e d  In  T ab le  9.
However, s in c e  th e  d i s t r i b u t i o n  o f  r e s p o n s e s  
d e s c r i b i n g  th e  3 g ro u p  p erfo rm an ce  was n o t  shown to  
b® d i f f e r e n t  from e i t h e r  o f  th e  d i s t r i b u t i o n s  d e s c r i b i n g  
th e  M o r  th e  L g ro u p  p e r fo rm a n c e ,  I t  can be I n f e r r e d  
t h a t  th e  d i s t r i b u t i o n  i s  In f a c t  d i f f e r e n t  from b o th .
I f ,  f o r  exam ple , th e  S and M d i s t r i b u t i o n s  were n o t  
d i f f e r e n t ,  th e  t  be tw een  th© S and b  g ro u p s  would have 
to  be s i g n i f i c a n t  a t  th® .0 1  le v e l . .  S in ce  t h i s  1© n o t  
th e  c a s e ,  i t  m ust be i n f e r r e d  t h a t  th e  r e s p o n s e  d i s ­
t r i b u t i o n s  f o r  th e  3 and M g ro u p s  a re  n o t  th e  asm®.
I f  th e y  a r e  n o t  th e  same, th e n  i t  can be s t a t e d  t h a t  
t h e r e  i s  an  optimum e f f i c i e n c y  o f  r e in fo rc e m e n t .  Th® 
Y ale s t u d i s  s a l s o  show t h i s  q u i t e  c l e a r l y .
I t  i s  c e r t a i n  t h a t  th e  e q u a t io n  d e s c r i b i n g  th e  
e f f i c i e n c y  f u n c t io n  i s  n o t  p a r a b o l i c ,  s in c e  th e  d e r iv e d  
v a l u e s  d iv e r g e  from th© e m p i r i c a l  d a t a .  The d o t te d  
l i n e  on th e  curve in  F ig u re  5 1® an e x t r a p o l a t i o n  o f  
th e  e m p i r i c a l  d a t a .  When more d a ta  a r e  c o l l e c t e d  In
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t h i s  a r e a ,  I t  i s  h y p o th e s iz e d  t h a t  th e  e f f i c i e n c y  f u n c t i o n  
w i l l  f o l lo w  a  J  o u r v e , s in c e  t h i s  was th e  g e n e r a l  
d i r e c t i o n  ta k e n  by th e  d e v i a t i o n  from th© p a r a b o l i c  
f u n c t i o n ,  i .  e ,  , th e  r i g h t  hand t a i l  i s  f l a t t e r  th a n  
th® p a r a b o l i c  f u n c t io n  would p r e d i c t .
I t  I s  t e n t a t i v e l y  s u g g e s te d  t h a t  th e  e f f i c i e n c y  
o f  r e in f o r c e m e n t  p a ra m e te r  may have i m p l i c a t i o n s  f o r  
b e h a v io r  m odels w hich  employ th e  c o n s t r u c t  o f  r e ­
in fo rc e m e n t .
I n  sum m arizing  the  r e s u l t ©  o f  t h i s  e x p e r im e n t ,  
th e  f o l lo w in g  s t a t e m e n t s  can be made:
(1 )  Th# I n t e r a c t i o n  o f  amount o f  r e i n f o r c e ­
ment and consummatory b e h a v io r  i s  a  more s i g n i f i c a n t  
f a c t o r  i n  c o n t r o l l i n g  l e a r n in g  b e h a v io r  th a n  I s  e i t h e r  
p a r a m e te r .
(2 )  T h is  I n t e r a c t i o n  i s  th© o p e r a t i o n a l  
d e f i n i t i o n  o f  e f f i c i e n c y  o f  r e in f o r c e m e n t .
(3 ) There i s  an  optimum e f f i c i e n c y  o f  r e ­
in fo rc e m e n t .
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Group
and
C e l l
C
D
A
TABLE X
RAW SCORES BY SUBJECT AND GROUP
C ondition  S u b ject A c q u is it io n  Number o f  e x -  
Number d a ta  in  8 th s  t ln c t io n  r e -  
o f  m inutes sp on ses to  a
c r i t e r io n  o f  
10 m inutes o f  
no response
L-6 1 97 94
5 4 l  35
12 150 26
16 94 46
19 40 53
23 68 22
26 136 31
30 92 25
L - l l  2 56 34
6 34 72
9 51 36
13 57 12
20 76 15
24 40 107
27 54 78
31 ,6 8  47
430
S -6  3 30 21
7 39 46
10 39 44
14 32 51
17 38 40
21 34 52
28 30 22
32 | |  27
S - l l  4 46 26
8 33 33
11 57 29
15 56 31
18 58 32
22 130 35
25 41 17
29 98 19
*» $6 m
r m w  i i
SUSIE QT I f  AFPAHAfUS 
I f  mow? OOUHTEEBALAK CING-
Skinner ©ex Group
number
0 ( 1- 6 } D ( l - l l ) A (S -6 ) 8 (3 -1 1 )
1 1 ,5 9 ,1 3 1 7 ,2 1 2 3 ,2 9
2 26 ,30 2 ,6 1 0 ,4 6 1 8 ,2 2
3 1 9 ,2 3 2 7 ,3 1 3 ,7 1 1 ,1 5
4 1 2 ,4 6 2 0 ,2 6 2 8 ,3 2 6 ,8
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■THE CONTINUOUS FLOW METHOD OF FLUID 
EE IN FOHCSMEN T
The two b a s i c  r e q u i r e m e n ts  o f  t h i s  method 
a r e  t h a t  th e  volume o f  th e  f low  n o t  change and t h a t  
th® flow  he c o n t in u o u s ,  1* e . , t h a t  th e  f l u i d  n o t  
"flow* In  d ro p s .  I t  i s  an  i n h e r e n t  c h a r a c t e r i s t i c  
o f  w a te r  to  c o n f in e  I t s e l f  to  th© m o is te n e d  a r e a  
o f  any m a t e r i a l  i t  c o n t a c t s .  T h is  i s  d u e ,  no d o u b t ,  
to  c o h e s iv e  m o le c u la r  f o r c e s .  When th e  f low  o f  w a te r  
from a  s m a l l  hypoderm ic  n e e d le  i s  d i r e c t e d  on to  a  V 
g roove  in  a  b r a s s  r o d ,  th e  f lo w  o f  w a te r  I s  c o n t in u o u s  
a lo n g  th e  l e n g t h  o f  th e  g roove  i f  (1) th e  groove 
h a s  been  m o is ten e d  and {2} th e  m e ta l  o f  th e  n e e d le  i s  
i n  c o n t a c t  w i th  th e  m e ta l o f  th e  grooved b a r .  T h is  
was o b se rv e d  to  be th e  ca se  w h e th e r  th e  b a r  i s  t ip p e d  
s l i g h t l y  o r  h e ld  v e r t i c a l  when th® flow  was a s  sm a ll  
a s  3 gms. i n  f i v e  m in u te s .
A ch iev in g  a  c o n s ta n t  volume o f  f lo w  I s  n o t  
q u i t e  so s im p le .  An o v e r f lo w  s ta n d p ip e  I s  r e q u i r e d  
to  m a in ta in  a  c o n s t a n t  p r e s s u r e  a t  th e  o r i f i c e  o f  
th e  n e e d l e ,  u n l e s s  a  l a r g e  s to r a g e  ta n k  i s  a v a i l a b l e .
A c o n s t a n t  p r e s s u r e  w i l l  y i e l d  a  c o n s ta n t  volume o f  
f low  th ro u g h  a  g iv e n  o r i f i c e .  T ab le  I  shows th e  f low
d ata  c o l le c te d  d uring  the c a l ib r a t io n  o f  the four  
d r in k in g  a p p a ra tu ses used In th e  experim ent d escr ib ed  
in  the body o f  t h i s  paper.
TABLE 1
FLOW BATA BY SKXMHEB BOX AND HSKDUS
Skinner Box
H eedle T r ia l 1 2 3 4
1 77.45 77.40 7 7 .6 0 7 7 .2 0
2 77.45 7 6.95 7 7 .6 0 7 7 .1 5
1 3 7 7 . iw 77.10 7 7 .7 0 77.45
4 77 .3  5 77.00 77 .5 5 7 7 .3 0
5 77.35 7 7 .0 5 7 7 .8 5 77-60
1 9 .4 5
2 9 .5 0
2 3 9 .^ 5
4 9 .5 0
5 9 .5 0
1 3 .0 5
2 3 .0 0
3 3 3 .8 5
4 3 .0 0
5 3 .1 0
The v a lu e s l i s t e d  are  In grams o f  flo w in
f iv e  m inutes.
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The p ro c e d u re  fo llo w ed  In  g a t h e r i n g  th e s e  d a t a  
1s  s t r a i g h t f o r w a r d .  A c o l l e c t i n g  d i s h  o f  known d ry  
w e ig h t  was p la c e d  u n d e r  th e  d r i n k i n g  a p p a r a tu s  and 
l e f t  t h e r e  f o r  p r e c i s e l y  f i v e  m in u te s .  I t  was th e n  
removed and w eighed . The d i f f e r e n c e  betw een  t h i s  w e ig h t  
and th e  d ry  w e ig h t  e q u a l le d  th e  t o t a l  f low  f o r  f i v e  
m in u te s .  A g roup  o f  e i g h t  r a t s  s e l e c t e d  a t  random 
from  th e  group s e t  a s id e  f o r  th e  e x p e r im e n t  was 
p e r m i t t e d  on© a t  a  tim e to  d r i n k  f r e e l y  from  th© 
d r i n k i n g  a p p a r a tu s .  R e s id u e  w a te r  was c o l l e c t e d  and 
w eighed  and th e  number o f  t im e s  th e  r a t  la p p e d  was 
r e c o r d e d .  The r e s i d u e  w e ig h t  s u b t r a c t e d  from t o t a l  
f lo w  w e ig h t  e q u a l l e d  th© t o t a l  w a te r  consumed. T h is  
v a lu e  d iv id e d  by th e  number o f  lap® d e te rm in e d  th e  
a v e ra g e  o r  mean amount o f  w a te r  consumed p e r  l a p .
T able I I  shows th e  mean amount p e r  la p  v a lu e  
(b a s e d  on an  n o f  8) by S k in n e r  box and by n e e d le .
4 l  -X*
TABLE I I
MEAN AMOUNT FEE LAP BX BOX AND BX NEEDLE
S k in n e r  box
Needl® 1 2 J k
1 ? .0 8  7-07  7 .1 9  7 .6 1
2 3.68
3 2 .00
Only needl© No. 1 m s  c a l i b r a t e d  f o r  a l l  
b o x es  u n d e r  th e  a s su m p tio n  t h a t  th e  o t h e r  n e e d le s  
cou ld  o n ly  show s i m i l a r  s a t i s f a c t o r y  r e s u l t s .  A 
s i n g l e  v a r i a b l e  o f  c l a s s i f i c a t i o n  a n a l y s i s  o f  v a r ia n c e  
was c a r r i e d  o u t  on  th© n e e d le  No. 1 d a t a  f o r  th© f o u r  
S k in n e r  boxes . The r e s u l t s  a r e  shown i n  T ab le  I I I .
TABLE I I I
ANALYSIS OF VARIANCE TABLE FOR NEEDLE 1 LAP 
DATA WITH SKINNER BOXES AS THE VARIABLE OF
CLASSIFICATION 
Source SS d f  me F
Betw een 1 .4 4  J  .4 8  .0 2
W ith in  4 8 3 .0 6  28 17 .25
T o t a l  484 .50
? ( 3 ,2 8 )  .2 0  *  1 ' 65 
F (3»28) .0 5  =  2 -93
A s in g l e  v a r i a b l e  o f  c l a s s i f i c a t i o n  a n a l y s i s  
was a l s o  c a r r i e d  o u t  on th e  amount p e r  l a p  d a t a  w i th  
n e e d l e s  ( o r i f i c e  s i t e )  a s  th e  v a r i a b l e  o f  c l a s s i f i c a ­
t i o n .  T ab le  IV shows th e  r e s u l t s  o f  t h i s  a n a l y s i s .
TABLE IV
ANALYSIS OF VARIANCE TABLE FOE THE AMOUNT 
PEE LAP LATA WITH NEEDLES AS THE VARIABLE 
OF CLASSIFICATION
S o u rce SB a t ms r
Between 107 .95 2 53-98 7 9 .3 8
W ith in 1^.38 21 .68
T o t a l 1 2 2 .3 3
h  2 ,2 1 ) .0 0 1  as 9 .7 7
There a r e  s e v e r a l  f a c t o r s  r e l a t i v e  to  t h i s  
m ethod t h a t  sh o u ld  be p o in te d  o u t .  Hypodermic needle©  
o f  th e  same sia© do n o t  n e c e s s a r i l y  have th e  same 
o r i f i c e  s i a e .  C ity  w a te r  i s  q u i t e  * d i r t y tt and e a s i l y  
c lo g s  s m a l l  n e e d le s .  I f  a lum inium  i s  u sed  i n  a  
f i l t e r i n g  sy s tem , i t  w i l l  r e a c t  w i th  th e  c h l o r in e  
i n  th e  w a te r  and r e a l l y  c lo g  th e  n e e d le s .  A dequate 
f i l t e r i n g  can  be a c h ie v e d  by u s in g  a  g l a s s  en cased
-  **3 -
san& f i l t e r  i n  c o n ju n c t io n  w i th  a  s e t t l i n g  ta n k .
I f  th e  a u t h o r  u s e s  t h i s  method a g a in ,  he w i l l  n o t  
t a r y  o r i f i c e  s i z e  to  c o n t r o l  th e  f low  o f  w a te r  o v e r  
th e  b a r .  A s t a n d a r d  s i z e  o r i f i c e  (22 would be a  
good one)  w i l l  be u sed  in  a l l  b o x es .  I n s t e a d  o f  a  
s i n g l e  o v e r f lo w  s ta n d p ip e  t h a t  m a in ta in s  e q u a l  
p r e s s u r e  to  a l l  o r i f i c e s ,  e a c h  o r i f i c e  w i l l  have 
I t s  own a d j u s t a b l e  o v e r f lo w  s ta n d p ip e .  P r e s s u r e  
w i l l  th e n  be th e  means o f  c o n t r o l l i n g  th e  volume o f  
flow* A lth o u g h  I t  h a s  n o t  b een  p r e v io u s l y  i n d i c a t e d ,  
many n e e d le s  were t r i e d ,  m o d i f i e d ,  and d i s c a r d e d  be­
f o r e  th e  d a t a  r e p o r t e d  i n  t h i s  A ppendix were c o l l e c t e d .
